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The transition metal dipnictides TaAs2, TaSb2, NbAs2 and NbSb2 have recently sparked inter-
est for exhibiting giant magnetoresistance. While the exact nature of magnetoresistance in these
materials is still under active investigation, there are experimental results indicating anisotropic
negative magnetoresistance. We study the effect of magnetic field on the band structure topology
of these materials by applying a Zeeman splitting. In the absence of magnetic field, we find that the
materials are weak topological insulators, which is in agreement with previous studies. When the
magnetic field is applied, we find that type - II Weyl points form. This result is found first from a
symmetry argument, and then numerically for a k · p model of TaAs2 and a tight-binding model of
NbSb2. This effect can be of help in search for an explanation of the anomalous magnetoresistance
in these materials.
I. INTRODUCTION
Weyl nodes are point-like crossings of two energy
bands, with a linear dispersion. Locally, they can be
described by Hamiltonian of the form
H(k) =
∑
i,j
kiAi,jσj (1)
where i ∈ {x, y, z}, j ∈ {0, x, y, z}. Topologically, a Weyl
node can be characterized by being a quantized source
or sink of Berry curvature, depending on its chirality [1].
Due to this quantized nature, Weyl points can only be
created or annihilated in pairs of opposite chirality.
It was recently shown [2] that Weyl nodes come in two
types. Type - I Weyl fermions have a point-like Fermi
surface. When a magnetic field is applied, they exhibit
a chiral Landau level [3–5] regardless of the magnetic
field direction. When this chiral Landau level crosses
the Fermi level, it can be a source of reduced magneto-
resistance [6–11]. Type - II Weyl fermions on the other
hand have an energy spectrum that is tilted by having a
strong σ0 contribution to the Hamiltonian (eq. (1)). As
a consequence, the Fermi surface becomes open and the
chiral anomaly is anisotropic, appearing only for certain
magnetic field directions.
Inversion symmetry P maps a Weyl node at point k
onto a Weyl node of opposite chirality at −k. Similarly,
time-reversal symmetry T maps a Weyl point at k onto
one at −k, but without changing its chirality. Conse-
quently, in the presence of the product symmetry T ∗ P ,
Weyl nodes are mapped into themselves but with oppo-
site chirality. This four-fold degenerate crossing, consist-
ing of two superimposed Weyl points of opposite chirality,
is known as a Dirac node. Unlike Weyl points, they are
not protected from gapping by any quantized topological
charge. Consequently, additional symmetries are needed
to stabilize Dirac nodes.
In centrosymmetric non-magnetic materials, the pres-
ence of both inversion and time-reversal symmetry allows
only for Dirac nodes to form. Weyl nodes are not possible
unless the product symmetry T ∗ P is broken.
Recently, transition metal dipnictides of the type AB2
(A ∈ {Ta, Nb}, B ∈ {As, Sb}) have gained a lot of at-
tention [12–19] for their giant magnetoresistance. These
materials are semimetals, but without a direct closure of
the band gap. Consequently, they do not host any Weyl
or Dirac points.
The exact nature of magnetoresistance in these mate-
rials - especially the dependency on the direction of the
magnetic field - is still under active investigation. Neg-
ative magnetoresistance has been observed experimen-
tally for NbAs2 [17, 18], TaAs2 [17] and TaSb2 [17, 20].
Anomalous - albeit not negative - magnetoresistance has
been observed for NbSb2[12] and TaAs2 [15]. However,
there are also experiments which point to the contrary,
which is that there is no negative magnetoresistance in
these materials. In Ref. [16], negative magnetoresistance
was observed at first but then determined to be an arti-
fact of the measurement setup.
In the following, we propose a mechanism for Weyl
nodes to appear in these materials under the influence
of a magnetic field. The chiral anomaly associated with
these Weyl nodes is a possible source of negative magne-
toresistance. Such an appearance of Weyl points under
magnetic field has recently been proposed in Ref. [21].
The mechanism with which the Weyl points appear, how-
ever, is a different one – in this work the Weyl points ap-
pear from a previously gapped state, while the Ref. [21]
discusses Weyl points arising from the splitting of a four-
fold crossing.
The paper is structured as follows: In the first sec-
tion, the atomic and electronic structure of the four com-
pounds is described. A four-band Hamiltonian for TaAs2
is derived from symmetry considerations and fitted to
the band structure. In the second section, the topology
of the band structure is studied, first without magnetic
field and then by applying a Zeeman term. We find that
this leads to the appearance of Weyl points.
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2II. ATOMIC AND ELECTRONIC STRUCTURE
OF AB2 COMPOUNDS
A. Atomic structure
In the following, the atomic structure of TaAs2 [22],
TaSb2 [23], NbSb2 [24] and NbAs2 [25] is described.
The reduced unit cell of AB2 compounds has the gen-
eral form
a1 = ( a, b, 0) (2)
a2 = (−a, b, 0)
a3 = (−c, 0, d)
with parameters as given in table I [22, 24].
a b c d
TaAs2 4.6655 1.6915 3.8420 6.7330
TaSb2 5.11 1.822 4.1950 7.1502
NbAs2 4.684 1.698 3.8309 6.7933
NbSb2 5.1198 1.8159 4.1705 7.2134
TABLE I. Unit cell dimensions (in A˚) for AB2 compounds.
Each unit cells contains 2 formula units. The
atoms are located at general Wyckoff positions
(x,−x, y), (−x, x,−y), for (x, y) as shown in table II [22,
24].
Figure 1 shows the reduced unit cell and 1. BZ of
TaAs2. The k-point path along which bandstructure cal-
culations are performed is indicated. In the basis recip-
rocal to that of eq. (2), the special k-points are given
by
Γ = (0, 0, 0) (3)
A = (0, 0, 0.5)
L = (0.5, 0, 0.5)
M = (0.5, 0.5, 0.5)
V = (0.5, 0, 0)
Y = (0.5, 0.5, 0).
A B1 B2
TaAs2 (0.157, 0.1959) (0.4054, 0.1082) (0.1389, 0.5265)
TaSb2 (0.152, 0.19) (0.405, 0.113) (0.147, 0.535)
NbAs2 (0.1574, 0.1965) (0.4059, 0.1084) (0.14, 0.528)
NbSb2 (0.1521, 0.1903) (0.4051, 0.1127) (0.1475, 0.5346)
TABLE II. Atomic positions (x, y).
FIG. 1. (a) Reduced unit cell of TaAs2. (b) First BZ of TaAs2.
The k-point path and its projection onto the 010 surface are
indicated.
B. Electronic structure
Electronic structure calculations were performed in
VASP [26], with projector augmented-wave (PAW) [27,
28] pseudopotentials. The PBE approximation [29] was
used, and spin-orbit coupling was included in the poten-
tials. The self-consistent field (SCF) calculations were
performed on a 11× 11× 5 Γ - centered grid for TaAs2,
and a 10 × 10 × 5 Γ - centered grid for NbSb2. The en-
ergy cutoff given in the potential files was used, which is
293.2 eV for NbAs2 and NbSb2, and 223.7 eV for TaAs2
and TaSb2.
Additionally, the PBE calculations were tested against
the accurate HSE06 hybrid functional [30, 31]. The hy-
brid SCF calculations for the band structures were per-
formed on a Γ - centered 6× 6× 4 grid for all materials.
For the generation of the Wannier tight-binding model of
NbSb2 a Γ - centered 10× 10× 5 grid was used.
The band structure of TaAs2 and NbSb2 is shown in
fig. 2. Both materials exhibit a pair of electron and hole
3pockets near the M - point, where the minimum band
gap is about 318 meV (120 meV without hybrid function-
als) in the case of TaAs2, 151 meV (98 meV) for TaSb2,
261 meV (22 meV) for NbAs2, and 67 meV (18 meV) in
the case of NbSb2. A more complete calculation of the
band structure can be found for example in Ref. [32].
C. Symmetry operations and k · p model
The AB2 compounds studied here have C2/m sym-
metry (space group 12). The rotation axis is along the
cartesian y-axis. In reduced coordinates, the symmetry
matrices are as follows:
• Identity E = I3×3
• Rotation C2y =
0 1 01 0 0
0 0 −1

• Parity P = − I3×3
• Mirror My = PC2y =
 0 −1 0−1 0 0
0 0 1

E C2y P My
Γ+3 1 i 1 i
Γ+4 1 −i 1 −i
Γ−3 1 i −1 −i
Γ−4 1 −i −1 i
TABLE III. Character table for the relevant double group
representations of C2m [33].
From the first-principles wave-functions, the represen-
tations corresponding to the two highest valence and two
lowest conduction bands at the M - point were deter-
mined using the WIEN2k code [34, 35]. They were found
to be Γ+3 ,Γ
+
4 and Γ
−
3 ,Γ
−
4 , respectively. Their characters
are shown in table III, which comes from table 15 on page
35 in Koster et al. [33]. Consequently, the symmetry rep-
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FIG. 2. Band structures of AB2 compounds. The inset shows
electron and hole pockets around M . The orange line repre-
sents calculations using hybrid functionals. (a-b) TaAs2 (c-d)
TaSb2 (e-f) NbAs2 (g-h) NbSb2
4resentations in these four bands are given by
• Identity E = I4×4
• Rotation C2y =
 i 0 0 00 −i 0 00 0 i 0
0 0 0 −i

• Parity P =
1 0 0 00 1 0 00 0 −1 0
0 0 0 −1

• Mirror My = PC2y =
 i 0 0 00 −i 0 00 0 −i 0
0 0 0 i

• Time-reversal T =
0 −1 0 01 0 0 00 0 0 −1
0 0 1 0
 Kˆ
For each of the symmetry operations g, the constraint
H(k) = D(g)H(g−1k)D(g−1) (4)
is imposed on the 4 × 4 Hamiltonian, where D(g) is the
symmetry representation. By applying these constraints
on the general form of a four-band Hamiltonian
H(k) =
∑
i,j∈{0,x,y,z}
Cij(k)(σi ⊗ σj), (5)
we find the Hamiltonian to be of the form
H(k) = C00(k)(σ0 ⊗ σ0) + Cxx(k)(σx ⊗ σx) + (6)
Cxy(k)(σx ⊗ σy) + Cxz(k)(σx ⊗ σz) +
Cy0(k)(σy ⊗ σ0) + Cz0(k)(σz ⊗ σ0),
where the Cij(k) are given up to second order in k
∗ =
k−M (in reduced coordinates) by
C00(k
∗) = C100 + C
x2+y2
00 ((k
∗
x)
2 + (k∗y)
2) + (7)
Cxy00 k
∗
xk
∗
y + C
xz−yz
00 (k
∗
xk
∗
z − k∗yk∗z) +
Cz
2
00 (k
∗
z)
2
Cz0(k
∗) = C1z0 + C
x2+y2
z0 ((k
∗
x)
2 + (k∗y)
2) + (8)
Cxyz0 k
∗
xk
∗
y + C
xz−yz
z0 (k
∗
xk
∗
z − k∗yk∗z) +
Cz
2
z0 (k
∗
z)
2
Cxx(k
∗) = Cx−yxx (k
∗
x − k∗y) + Czxx k∗z (9)
Cxy(k
∗) = Cx−yxy (k
∗
x − k∗y) + Czxy k∗z (10)
Cxz(k
∗) = Cx+yxz (k
∗
x + k
∗
y) (11)
Cy0(k
∗) = Cx+yy0 (k
∗
x + k
∗
y). (12)
These 16 parameters were numerically fitted to the
band structure of TaAs2 using the scipy [36] package, to
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FIG. 3. TaAs2 band structure of the k ·p model (thick orange
line), compared to the first-principles result (black lines).
obtain the values in table IV. The resulting band struc-
ture around the M -point is shown in fig. 3. Comparing
it to the band structure obtained from first-principles re-
veals that the approximation is accurate in the immediate
vicinity of the M -point, but breaks down at around 6%
of the distance along the line M − A. Importantly, the
minimum band gap is not preserved in this model. Nev-
ertheless, the model can be used to qualitatively study
effects in TaAs2, owing to the fact that it contains the
correct symmetry representations.
[eV] C100 = 7.066 C
1
z0 = −0.224
[eVA˚] Cx+yxz = 1.272 C
x+y
y0 = 1.270
Cx−yxx = −0.061 Cx−yxy = −1.999
Czxx = −0.554 Czxy = −0.253
[eVA˚2] Cx
2+y2
00 = −71.21 Cx
2+y2
z0 = 56.30
Cxy00 = −137.1 Cxyz0 = 123.1
Cxz−yz00 = 1.52 C
xz−yz
z0 = −1.49
Cz
2
00 = −0.84 Cz
2
z0 = −1.88
TABLE IV. Parameters of the 4 × 4 Hamiltonian of TaAs2
around M up to second order.
III. BAND STRUCTURE TOPOLOGY
In this section, we describe the band structure topology
and the influence of magnetic field. First, we describe
the topology in the absence of magnetic field for all four
compounds. Then, we show that Weyl points appear
under sufficient magnetic field. This result is shown first
for the k · p model of TaAs2 derived in section II C, and
then for a tight-binding model of NbSb2 derived from
first-principles.
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FIG. 4. Wannier charge center evolution for the time-reversal
invariant planes of TaAs2. (a) kx = 0 (b) kx = 0.5 (c) ky = 0
(d) ky = 0.5 (e) kz = 0 (f) kz = 0.5
A. Band structure topology without magnetic
fields
In the absence of magnetic field, there is no direct band
gap closure in AB2 compounds. Since the valence bands
thus form a well-defined manifold, they can be classified,
just like insulators, according to the topology of these va-
lence bands. Because time-reversal symmetry is fulfilled,
a Z2 classification is possible.
All compounds were found to be weak topological insu-
lators, with Z2 indices 0; (111). That is, all time-reversal
invariant planes ki = 0, 0.5 have a non-trivial Z2 index
∆ = 1. This result was derived from first-principles us-
ing the Z2Pack code [37], and agrees with previous stud-
ies [15, 17, 32]. The corresponding evolution of Wannier
charge centers is shown, for the case of TaAs2, in fig. 4.
Figure 5 shows the surface density of states for a slab of
TaAs2, with surfaces parallel to the mirror plane perpen-
dicular to the cartesian y-axis (the light blue plane shown
in fig. 1). The presence of topological surface states con-
firms the conclusion that the material is a weak topologi-
cal insulator. The surface spectrum was calculated by the
iterative Green’s function [38] which was implemented in
WannierTools [39].
Γ! ! Γ! Low
High
FIG. 5. Surface density of states of TaAs2 on the 010 surface,
along the k-point path shown if fig. 1.
B. Effect of Zeeman splitting on the k · p model for
TaAs2
Here we study the effects of magnetic field on TaAs2
by adding a Zeeman splitting term to the k · p model
derived in section II C (eq. (6)). The splitting term is
given by
∆H = cxσ0 ⊗ σy + cyσ0 ⊗ σz + czσ0 ⊗ σx, (13)
where ci is the strength of the Zeeman splitting induced
by the magnetic field in that direction, that is
ci =
∑
j
gijµBHj . (14)
This assumes that the g-factor is equal for all bands.
The limitations of this approximation are discussed in
section III D.
1. Magnetic field along the rotation axis yˆ
When magnetic field is applied along the rotation axis
yˆ, the Zeeman term (eq. (13)) takes the form
∆H = cyσ0 ⊗ σz. (15)
This term preserves all spatial symmetries of the system,
breaking only time-reversal.
Along the M −A line, the Cxx and Cyy contributions
to the Hamiltonian vanish since k∗x = k
∗
y and k
∗
z = 0.
Consequently, the energy eigenvalues are given by
E(k) = C00(k)± cy ∓
√
Cxz(k)2 + Cy0(k)2 + Cz0(k)2
(16)
6FIG. 6. Band gap of TaAs2 in the k
∗
z = 0 plane for different
values of the magnetic field in y-direction, calculated from
the k · p model. A dark spot indicates the presence of a
Weyl point. (a) No magnetic field. There are no Weyl points
present (b) cy = 0.11 eV. Two pairs of Weyl points have
appeared on the kx = ky line. (c) cy = 0.2 eV. The pair
of Weyl points move further apart. (d) cy = 0.25 eV. One
pair of Weyl points has annihilated at M , leaving two Weyl
points.
The Zeeman term counteracts the original splitting
(square root term), such that for sufficient magnetic field
there will be a direct band gap closure. Away from the
M −A line, the band gap remains open, giving rise to a
Weyl point.
When the Zeeman splitting is gradually switched on,
two pairs of Weyl points form at about cy = 0.11 eV.
Increasing the Zeeman splitting leads to a separation be-
tween the two nodes in a pair, with one node each moving
towards the M -point. Finally, at cy ≈ 0.25 eV, these two
nodes meet at M and annihilate. This process is shown
in fig. 6.
The existence of these Weyl points was confirmed by
verifying that the nodes are a source or sink of Berry
curvature. For this purpose, the Chern number of spheres
surrounding the points was calculated by tracking hybrid
Wannier charge centers (HWCC) on loops around the
sphere [2, 37, 40, 41], using the Z2Pack software [37].
Figure 7 shows the evolution of the sum of HWCC for
two of four nodes found at cy = 0.12 eV, demonstrating
that the two points are Weyl nodes of opposite chirality.
−pi 0
θ
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2pi
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−pi 0
θ
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FIG. 7. Evolution of the sum of HWCC on spheres surround-
ing the Weyl points at cy = 0.12 eV splitting. (a) Weyl point
at k = (0.5247, 0.5247, 0.5), having positive chirality C = +1
(b) Weyl point at k = (0.53258, 0.53258, 0.5) with negative
chirality C = −1
2. General magnetic field direction
Finally, the effects of a magnetic field in a general di-
rection were studied. It turns out that, even though such
a field breaks the spatial symmetries of the system, Weyl
nodes still appear under a strong enough magnetic field.
When magnetic field is applied in xˆ or zˆ - direction, a sin-
gle pair of Weyl points emerges from the M point. These
Weyl nodes are located on the kx = −ky plane, as shown
in table V.
Splitting [eV] Weyl position k∗ Chirality
cx = 0.225 (−0.0042, 0.0042, 0.00093) −1
(0.0042,−0.0042,−0.00093) 1
cx = 0.25 (−0.025, 0.025, 0.0054) −1
(0.025,−0.025,−0.0054) 1
cx = 0.3 (−0.044, 0.044, 0.0098) −1
(0.044,−0.044,−0.0098) 1
cz = 0.225 (0.0011,−0.0011,−0.018) −1
(−0.0011, 0.0011, 0.018) 1
cz = 0.25 (0.0066,−0.0066,−0.11) −1
(−0.0066, 0.0066, 0.11) 1
cz = 0.3 (0.012,−0.012,−0.18) −1
(−0.012, 0.012, 0.18) 1
TABLE V. Position k∗ = k − M (in reduced coordinates)
and chirality of Weyl points for Zeeman splittings in xˆ and
zˆ-direction.
Figure 8 shows the number of Weyl points as a func-
tion of the Zeeman splitting. To obtain this phase di-
agram, candidate Weyl points were identified using a
7-0.3 0 0.3
cx
-0.3
0
0.3
cy
(a)
-0.3 0 0.3
cz
-0.3
0
0.3
cy
(b)
0
2
4
FIG. 8. Phase diagram showing the number of Weyl points in
the k ·p model of TaAs2 as a function of the Zeeman splitting
(in eV).
quasi Newton algorithm to find minima in the band gap
(using scipy.optimize.minimize [36]), for different ini-
tial guesses. In a second step, the Chern number on a
small sphere (radius 10−4 A˚−1) surrounding the candi-
date points was evaluated (using Z2Pack [37]), keeping
only points with a non-zero Chern number. Finally, du-
plicate points were eliminated by checking whether two
points lie within the diameter of the sphere of one an-
other.
C. Effect of Zeeman splitting on the tight-binding
model for NbSb2
Having studied the effects of Zeeman splitting on the
k·p model for TaAs2, we now study a more realistic tight-
binding model for NbSb2, derived from a first-principles
calculation with hybrid functionals using the Wannier90
code [42, 43]. NbSb2 was chosen because it has the small-
est direct band gap of the four materials, making it the
most promising candidate for hosting Weyl points at re-
alistic magnetic field strength.
The Zeeman splitting for this model can again be ex-
pressed by adding the corresponding terms to the Hamil-
tonian
∆H = cxσx⊗I22×22+cyσy⊗I22×22+czσz⊗I22×22, (17)
where the change in the splitting terms (compared to
eq. (13)) is due to the different orbital basis used for the
tight-binding model. We search for Weyl points between
the last valence band and the first conduction band.
First we study the effect of applying a magnetic field
in the y-direction. Figure 9 shows the effect of this split-
ting along the M − A line. For cy ≈ 0.06 eV, two pairs
of Weyl points appear close to the M −A line. The rea-
son these points are not exactly on the line is because
the crystal symmetry is broken when constructing the
Wannier-based tight-binding model [42, 43]. Apart from
this numerical difference, this effect is analogous to the
case of the k ·p model for TaAs2, where the two pairs of
Weyl points appeared at cy = 0.11 eV.
Table VI shows the Weyl point positions, chirality and
type for selected values of the Zeeman splitting. It shows
that Weyl points appear even at smaller values of cy away
from the M − A line. This is a crucial difference to the
k · p model which is valid only near the M point. Fur-
thermore, all Weyl points found for these splitting values
are of type II [2]. Type - II Weyl points have a tilted en-
ergy spectrum, making their Fermi surface open instead
of point-like. As a consequence, their chiral anomaly –
and their effect on magnetoresistance – is expected to be
anisotropic.
Finally, a phase diagram showing the number of Weyl
points as a function of magnetic field was calculated (see
fig. 10). Unlike for the k · p model, the number of Weyl
points keeps increasing when the applied Zeeman term
grows stronger. Again, the reason for this difference is
that Weyl points also form far away from the M point,
where the k · p approximation is no longer applicable.
For some values of the splitting, the phase diagram
shows an odd number of Weyl points, which is physically
impossible. The reason for this is that the numerical
procedure used to identify the number of Weyl points
may not find a Weyl point if it is too close to another
Weyl point. Since this problem occurs only rarely (see
fig. 11), the phase diagram is still valid overall. Also, the
procedure ensures that no Weyl point can be counted
twice, so the phase diagram represents a lower limit for
the real number of Weyl points. Thus, the general result
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FIG. 9. Band structure of the tight-binding model for NbSb2
along the M − A line. (a) Without Zeeman splitting. (b)
With cy = 0.06 eV Zeeman splitting.
that the number of Weyl points increases with stronger
Zeeman splitting remains valid.
D. Limitations of the model for magnetic field
In the previous sections the effect of magnetic field was
modeled by applying a Zeeman splitting to the model
Hamiltonian. The discussion was simplified by assuming
that the g-factor is equal for all energy bands, and in-
dependent of k. Here we discuss how the results might
change if this assumption is not made.
If the g-factor is k-dependent, but still the same for
all energy bands, the results above will change quantita-
tively, but not qualitatively. The reason for this is that a
Weyl node that appears at a specific k-point will still be
there, but for a different magnetic field. That is, the or-
der in which the Weyl nodes at different k-points appear
might change, but not the overall picture that there is an
increasing number of Weyl points with stronger magnetic
field.
The same is true if the g-factor varies for different en-
ergy bands, as long as the sign of the g-factor remains
the same. Because the appearance of Weyl points is due
to the relative Zeeman splitting between the last valence
and first electron bands, it does not matter how much
the splitting on each band contributes.
Split. [eV] Position k Chir. Type
cx = 0.045 (0.4393, 0.4460, 0.5004) +1 II
(0.4359, 0.4444, 0.5026) −1 II
(0.5641, 0.5556, 0.4974) +1 II
(0.5607, 0.5540, 0.4996) −1 II
cy = 0.03 (0.3670, 0.5141, 0.0977) +1 II
(0.3655, 0.5142, 0.1004) −1 II
(0.6345, 0.4858, 0.8997) +1 II
(0.6330, 0.4858, 0.9023) −1 II
cy = 0.04 (0.3724, 0.5116, 0.0890) +1 II
(0.3627, 0.5135, 0.1055) −1 II
(0.6373, 0.4865, 0.8945) +1 II
(0.6276, 0.4884, 0.9110) −1 II
(0.9028, 0.0340, 0.5451) +1 II
(0.9018, 0.0354, 0.5390) −1 II
(0.0982, 0.9646, 0.4610) +1 II
(0.0974, 0.9658, 0.4545) −1 II
cy = 0.06 (0.3791, 0.5068, 0.0775) +1 II
(0.3592, 0.5131, 0.1108) −1 II
(0.6407, 0.4869, 0.8892) +1 II
(0.6211, 0.4929, 0.9222) −1 II
(0.9033, 0.0328, 0.5532) +1 II
(0.9006, 0.0364, 0.5314) −1 II
(0.0994, 0.9636, 0.4686) +1 II
(0.0968, 0.9671, 0.4467) −1 II
(0.4493, 0.4555, 0.5031) +1 II
(0.4309, 0.4320, 0.4825) −1 II
(0.5691, 0.5680, 0.5175) +1 II
(0.5507, 0.5445, 0.4969) −1 II
cz = 0.0475 (0.4494, 0.4384, 0.4853) +1 II
(0.4420, 0.4366, 0.4816) −1 II
(0.5580, 0.5634, 0.5184) +1 II
(0.5506, 0.5616, 0.5147) −1 II
TABLE VI. Weyl point positions (in reduced coordinates),
chirality and type for different values of the Zeeman splitting
in the tight-binding model for NbSb2.
If the g-factors in the relevant bands have opposite
sign however, there is a qualitative change in the behav-
ior. This is illustrated in the following with the exam-
ple of the k ·p model of TaAs2 discussed in sections II C
and III B. To account for the opposite sign of the g-factor
for valence and conduction bands, the Zeeman splitting
term (eq. (13)) is changed to
∆H = cxσz ⊗ σy + cyσz ⊗ σz + czσz ⊗ σx. (18)
With cy splitting, the energy bands on the mirror plane
9-0.08 0 0.08
cx
-0.08
0
0.08
cy
(a)
-0.08 0 0.08
cz
-0.08
0
0.08
cy
(b)
0
1
2
3
4
6
7
8
10
12
13
14
15
16
17
18
19
20
21
24
28
FIG. 10. Phase diagram showing the number of Weyl points
as a function of Zeeman splitting (in eV) for the tight-binding
model for NbSb2.
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FIG. 11. Phase diagram showing whether the number of Weyl
points shown in fig. 10 is even (physically possible) and odd
(non-physical). The odd phases are a relict of the numerical
evaluation of the phase.
is then given by
E(k) = C00(k)± cy ∓
√
Cxx(k)2 + Cxy(k)2 + Cz0(k)2.
(19)
As in eq. (16), the Zeeman term counteracts the original
splitting. The difference to the previous case is that this
equation holds on an entire plane in reciprocal space in-
stead of just a line. As consequence, we can expect the
appearance of a nodal line with sufficient Zeeman split-
ting. Indeed, a nodal line appears for cy & 0.2242 eV,
as shown in fig. 12. The Berry phase on a closed path
around this nodal line was calculated to be pi, using the
Z2Pack [37] software. This verifies the topological nature
of the nodal line.
In conclusion, the qualitative result obtained above
remains intact when the g-factors are assumed to be
k-dependent and different for valence and conduction
bands, as long as they keep the same sign. A more ade-
quate model of the magnetic field is needed to establish
the exact qualitative and quantitative nature of the topo-
logical phases with applied magnetic field. The current
results indicate that Weyl nodes will appear at least for
some directions of magnetic field.
IV. CONCLUSIONS
We studied the topological phase of transition metal
dipnictides of the type AB2 (A ∈ {Ta, Nb}, B ∈ {As,
Sb}), with and without external magnetic field. In the
absence of magnetic field, we found – in accordance with
previous results [15, 17] – that these materials can be
10
FIG. 12. Band gap of TaAs2 on the mirror plane with Zeeman
splitting as given in eq. (18). (a) At cy ≈ 0.2242 eV, a nodal
line appears at the M -point. (b) The nodal line expands for
stronger splitting (cy = 0.23 eV).
classified as weak topological insulators despite having
an indirect band gap closure.
The effect of a magnetic field was studied by applying
a Zeeman splitting. We found that Weyl points can ap-
pear. We showed this result first from theoretical consid-
erations on a four-band k ·p model, and numerically on a
k·p model of TaAs2 and a tight-binding model of NbSb2.
In the tight-binding model, we found the number of Weyl
points to be increasing with growing magnetic field. For
specific values of the Zeeman splitting, the type of the
Weyl points in the tight-binding model was studied, and
they were all found to be of type II.
The appearance of such field-induced Weyl points
could help explain the reduced or negative magneto-
resistivity in these materials. However, it is unclear
whether the Weyl points studied here appear at a mag-
netic field that is realistic to observe in experiments. Fur-
ther studies, in particular to obtain a realistic g-factor
and more reliable data for the direct band gap, are re-
quired to accurately estimate the required magnetic field.
Furthermore, it is known that modeling a strong mag-
netic field with only Zeeman splitting is not sufficient,
and a more accurate model should be considered. Fi-
nally, the effect of these Weyl points on the magnetore-
sistance should be calculated. This is influenced by the
orientation of the type-II Weyl points, and their distance
from the Fermi level.
Consequently, there are three open questions which re-
quire further investigation: First, whether the appear-
ance of field-induced Weyl points is realistic in these
AB2 compounds. Second, if these Weyl points do ap-
pear, whether they alone are responsible for the exper-
imentally observed behavior of magneto-resistance or if
there are other effects. Finally, whether there are other
compounds which contain the same kind of field-induced
Weyl points, possibly appearing already at weaker mag-
netic field.
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